Transcription from P2, one of the major promoters of the cell wall protein gene operon of Bacillus brevis 47, was markedly enhanced at the early stationary phase of growth. MgCl2, when added at 1 to 5 mM to the medium, inhibited this enhancement of transcription as well as shedding of the cell wall protein layers from the cell surface. MgSO4 or CaCl2 showed an effect similar to that of MgCl2. The possible coordination of the cell wall structure with regulation of the cell wall protein genes is discussed.
Many gram-positive and gram-negative bacteria possess a regular surface layer, the so-called S-layer, now defined as a two-dimensional crystalline array of proteinaceous subunits forming a surface layer on procaryotic cells (11) . Although the morphological properties of S-layers have been extensively studied for a wide range of microorganisms (9, 10) , the genes for S-layer-forming proteins have been isolated from only a few microorganisms, such as Bacillus brevis 47 (15, 16, 18) , Halobacterium halobium (5) , Deinococcus radiodurans (7) , Caulobacter crescentus (12) , and Aeromonas salmonicida (3) . The regulatory mechanisms involved in the biosynthesis, transport, and assembly of S-layer proteins are not clear at present.
The genes for two S-layer proteins, termed the outer wall protein (OWP) and the middle wall protein (MWP), of B. brevis 47 constitute a cotranscriptional unit (cwp operon) and are transcribed from several tandem promoters located upstream of the MWP gene (1) . Of the multiple and tandem promoters (P1, P2, and P3), P2 and P3 play major roles in transcription of the cwp operon. P3 is used only at the exponential phase of growth, whereas P2 is used at the exponential to stationary phases of growth (1) .
In this work, the effects of ion levels in the medium on the transcription from P2 or P3 were examined, because MgCl2 and CaCl2 have been shown to inhibit the synthesis and accumulation in the medium of MWP and OWP at the stationary phase of growth (8, 17 photometer, type Z-6100; Hitachi, Tokyo, Japan). After growth for 24 h, oa-amylase activity in the medium was measured as described previously (18) . The a-amylase activity reached the maximum level within 24 h and then remained constant upon further cultivation. As shown in Table 1 , a-amylase production by B. brevis 47 carrying pTA206 was reduced by supplementation of the medium with MgCI2, MgSO4, or CaCl2. Higher concentrations of MgCl2 up to 5 mM resulted in greater inhibition of a-amylase production. Supplementation with 5 mM KCl or NaCl did not affect a-amylase production, indicating that the divalent cations Mg2' and Ca2+ inhibited a-amylase production. In contrast, a-amylase production directed by pTA207 was not affected by the addition of MgCl2. The inhibition of a-amylase production by MgCl2 was not observed in Bacillus subtilis 1A289 (metB5 sacA321 aroI906 amy; obtained from the Bacillus Genetic Stock Center, Ohio State University, Columbus) carrying pTA206 (data not shown). Since the two plasmids differ only in the inserted promoter-containing fragments, divalent cations added to the medium should specifically affect the efficiency of transcription from P2 in B. brevis 47.
This supposition was further confirmed by RNA blot analysis (Fig. 1 ). RNAs were extracted from B. brevis 47 carrying pTA206 grown for various periods in T3-M medium with or without supplementation with 5 mM MgCl2. RNAs transcribed from P2 were analyzed by using the 32P-labeled PstI-SalI 1.0-kb fragment (19) isolated from the B. licheniformis a-amylase gene as a probe. RNAs transcribed from the ermC (4) gene on pTA206 were also analyzed as a control by using the 32P-labeled SacI-HpaI 0.7-kb fragment isolated from the ermC gene. The amount of the transcripts from P2 was markedly increased at the early stationary phase of growth when MgCl2 was not added to the medium (Fig. 1B,  lanes 2 and 3) . An increase of the transcripts was not observed when the bacterium was grown in medium supplemented with 5 mM MgCl2 (lanes 4 to 6). The amount of transcripts from the ermC gene was not affected by MgCl2 (Fig. 1C) prominent increase in protein secretion (17) . Synthesis and secretion of the cell wall proteins continue for a long period after the morphological change. As a result, the amount of extracellular proteins reaches 12 g/liter under optimal conditions, which is more than twice the amount of total cellular proteins (6) . Shedding of the cell wall protein layers is inhibited by the addition of divalent cations such as Mg2+ and Ca2+ to the medium (8, 17) . MWP and OWP solubilized in the absence of divalent cations are reassembled in vitro onto peptidoglycan in the presence of MgCl2 (14) .
It is conceivable that regulation of the synthesis and secretion of cell wall proteins is somehow coordinated with the morphological change on the cell surface: when cell wall protein layers occupy the cell surface, expression of the cell wall protein genes is repressed to a moderate level to prevent excess synthesis of the cell wall proteins. Loss of the cell wall protein layers from the cell surface at the stationary (2), and 20 pug of the RNAs was subjected to Northern blot analysis as described by Thomas (13) . RNAs extracted from the cells grown without MgCl2 supplementation and taken at the times indicated by arrows 1 to 3 were analyzed in lanes 1 to 3, respectively, of panels B and C; RNAs extracted from the cells grown with MgCl2 supplementation and taken at the times indicated by arrows 4. to 6 were analyzed in lanes 4 to 6, respectively. (B) Transcripts from P2 (Amy); (C) transcripts from the ermC gene (ermC). O.D., optical density. phase of growth (presumably due to depletion of divalent cations) derepresses the transcription from P2, thus permitting increased synthesis and secretion into the medium of the cell wall proteins (coordinated model; Fig. 2 ). Although the alternative idea that the cell wall structure and transcription from P2 are independently affected by MgCl2 is also possible, the coordinated model is of interest because it involves a pathway that recognizes the cell wall structure and transduces a signal to the cytoplasm to repress transcription from P2. Such a signal-transducing pathway should play an important role in regulation of the synthesis, transport, and assembly of cell wall proteins in procaryotes.
